It is generally believed that Drosophila melanogaster has no closely related species with which it can produce the viable and fertile hybrids that are essential for the genetic analysis of speciation. Following the recent report of molecular differentiation between a Zimbabwe, Africa, population and two United States populations, we provide evidence that strong sexual isolation exists between the D. melanogaster population in Zimbabwe and populations of other continents. In the presence of males of their own kind, females from most isofemale lines of Zimbabwe would not mate with males from elsewhere; the reciprocal mating is also significantly reduced, but to a lesser degree. The genes for sexual behaviors are apparently polymorphic in Zimbabwe and postmating reproductive isolation between this and other populations has not yet evolved. Whole chromosome substitutions indicate significant genetic contributions to male mating success by both major autosomes, whereas the X chromosome effect is too weak to measure. In addition, the relative mating success between hybrid and pure line males supports the interpretation of strong female choice. These observations suggest that we are seeing the early stages of speciation in this group and that it is driven by sexual selection. The genetic and molecular tractability of D. melanogaster offers great promise for the detailed analysis of this apparent case of incipient speciation.
The difficulties in studying the genetics of speciation can arise from several sources. First, the species in question may have diverged beyond the incipient stage. Many genetic differences between them could have accumulated after speciation had been completed and the information on the population genetic dynamics of speciation may have been lost. Ideally, we would like to observe variation in genes of reproductive isolation that are still in the process of becoming fixed. Polymorphisms of such genes within species would suggest speciation inflagrante delicto (1) . The second difficulty arises when the species of interest does not lend itself to extensive and detailed genetic analysis. The conspicuous absence of a species that could hybridize with Drosophila melanogaster to produce fertile progeny is the prime example of the second point. To some degree, all studies of the genetics of postmating reproductive isolation encounter the two problems (2) . Genetic analysis of premating sexual isolation also confronts a third difficulty in that mating behaviors are often labile (3) (4) (5) (6) (7) (8) . Finding a system of sexual isolation associated with robust behavioral phenotypes is thus crucial for genetic studies of premating isolation.
Recently, a collection of isofemale lines of D. melanogaster from Zimbabwe, Africa, was reported to show a surprisingly high level of DNA sequence divergence at several nuclear genes compared to flies from North American populations (9) . In light of previous observations that flies of this species collected over a wide geographical range are very similar in their nuclear DNA polymorphisms (10, 11) , the observations suggested much more local population differentiation in Africa than had been hinted in the literature (12) (13) (14) . Since there is no record of postmating reproductive isolation and a largescale survey found little sexual isolation between world-wide samples ofD. melanogaster (15) , we were interested in whether any reproductive isolation is associated with the population differentiation seen in Africa. In this report, we present evidence that the Zimbabwe population reported in ref. 9 is strongly sexually isolated from other African populations as well as all D. melanogaster strains from other continents examined so far.
MATERIALS AND METHODS
Fly Strains. The Zimbabwe isofemale lines (designated Z) were collected in 1990 from Sengwa Wildlife Reserve (9) . Nine were used initially (Z29, -30, -34, -53, -56, -2, -5, -6, and -10) but we subsequently concentrate on three of them (Z30, -29, and -53). For the common type D. melanogaster lines (designated C), we often use one isofemale line from France (FrV3-1) and another from California (Highgrove, HG). Other C lines used are OK17 (Botswana), LA69 (Northern Zambia), Closs 23 (New York), BL-10 (Australia), Arv-4 (California), and Vin-9 (Ontario, Canada). All of these are isofemale lines established in the 1980s. Isochromosomal II lines from Malawi (MW-33 and -44) and Ivory Coast (LM-15 and -25) were described in Benassi et al. (16) .
No Choice Experiments. All mating experiments were done at "dawn" (around the time the daily light cycle starts) and at room temperature. Flies were 3-4 days old at the time of mating. Five virgin females and males of the designated type were placed in a clean vial. Copulations were recorded at 5-to 10-min intervals for an hour and then the flies were transferred to a vial with food. After 1 day, each female was separated into a single vial for progeny detection. We dissected many of the females that failed to produce larvae after a week for the presence of sperm in their seminal receptacles to confirm that they were uninseminated, rather than sterile. Experiments of Tables 1, set a, and 2 (17) .
Multiple Choice Experiments. All experiments were also done at dawn. Flies were 3-7 days old at the time of mating (unless specified). Virgin females and males of two tested Proc. NatL Acad Sci. USA 92 (1995) strains were simultaneously released into a population cage of about 0.034 m3 in volume made of Plexiglas. Usually, 55-60 flies of each sex of each genotype are used (thus, 220-240 flies in a cage). Flies of one strain were fed green-colored food and flies of the other were fed red-colored food 12-24 hr prior to the experiment. We normally use one drop of the food coloring on the surface of the medium. Each copulating pair was aspirated out of the cage, placed on a CO2 stage to determine their coloration, and then returned to the cage. Ambiguity in type determination is very rare (<1%) if the flies were deprived of colored food for no more than 3 hr. Occasional uncertainty was confirmed by dissecting out the gut. Within 1.5 hr, usually 70-100% of C-type females copulate (variable for Z-type females, depending on the males' genotypes).
Discrimination Index (DI It became apparent that, among the Zimbabwe lines used, two somewhat discrete types of behaviors could be discerned.
Seven of the nine lines exhibit the behavior presented in Table  1 , sets a and b, whereas two of them exhibit the behavior of Table 3 do not mate significantly better than males in cross 2 (P > 0.1), the contribution of the X chromosome to the "Zimbabwe maleness" is probably limited. The slight difference may not be due to the greater "Zimbabweness" in males of cross 1 because the same males are also more successful with C females (P > 0.05 for cross 3 vs. 4). F1 females accepted C males much less readily than they accepted Z males (P < 0.01 for cross 5 vs. 6).
A greater resolution of the mating preferences of F1 hybrids can be obtained by substituting hybrids in the multiple choice experiments as shown in Table 4 Table 4 to obtain a value of 4.8 ± 1.64 for Z53 vs. HG. This suggests that the probability of Z53 females choosing HG males over Z53 males is -0.007 (= e4.8).
Cross 5 shows that males from the intermediate Z' line (Z29) are almost equal to Z/H hybrid males in their mating with both Z and C females. Cross 6 and 7 of Table 4 show F1 hybrid females to be much less discriminant than pure Z females, consistent with the no choice experiment of To further analyze the genetic basis of male mating behavior, we carried out whole-chromosome substitutions by F2 backcross (see Table 3 ). In this scheme, only certain substitution types could be obtained. Because eye color mutations were used to track chromosome, comparisons have to be between males of the same eye phenotype, which are juxtaposed in Table 3 , set b. Between cross 7 and 8, it is shown again that the X chromosome has little effect on the mating success of males (P > 0.1). It is also clear from the comparisons between cross 10 and 11 (P < 0.01 for both 1-hr and 1-day observations) that the X and one copy of the second chromosome of Zimbabwe together bring about a certain degree of Zimbabwe' maleness to the flies. This is also true for the combination of the X and third chromosome of Zimbabwe in cross 12 and 13 (P < 0.01 for both 1-hr and 1-day observations). Apparently, both autosomes carry genetic determinants for Zimbabwe maleness.
Postmating Isolation. There is no evidence for hybrid inviability or sterility in either F1 or F2 flies. We have dissected multiple males of F1 and each of the four F2 genotypes of Table  3 , set b, to observe sperm development, as done in previous studies of hybrid sterility (20) . Between (9) . The intensity of this isolation is not only strong (nearly complete in one direction) but also surprisingly robust. It has been reported before that flies from a Congo population exhibited some sexual isolation from those of a French population (ref. 28 ; see their double-choice experiments). Although these authors concluded "strong sexual selection but no reproductive isolation" on the basis of overall weak performance of the French males, the tantalizing question is whether the behavior they observed is related to the Zimbabwe phenomenon. Determining geographical distribution of this phenomenon will be crucial for elucidating its origin.
The absence of an obvious fitness reduction in F1 and F2 flies suggests that sexual isolation in this case might not have evolved by reinforcement (29, 30) . There are several models attempting to explain speciation by sexual selection (31) (32) (33) . In these models, it is generally assumed that female choice is the dominant factor (34). Our observations are compatible with this assumption. Table 4 when the other choice is HG males, whereas they account for only 25% of the matings by the same Z females in cross 4 when the females can choose to mate with Z males. In the absence of direct male-male interference, females' decision must have played an important role.
A second element in the models of speciation by sexual selection is that the male and female behavior genes would be in gametic phase disequilibrium, whether they are linked or not (32, 33) . In other words, a strain is expected to be either C or Z for both sexes. Thus, the presence in moderate frequency of intermediate Z' strains (Z29 and LA69, Table 2 ) in nature can potentially be problematic. Females of Z29 are very much C-like in their preference but males are more Z-like in their mating success. The possible discrepancy cannot be resolved until its genetic basis is understood. One possibility for the intermediate behavior in isofemale lines is that it represents a mixture of two pure types. In that case, it should be possible to extract isochromosomal lines that exhibit either Z or C behavior. A stable polymorphism coupled with strong linkage disequilibrium would be an indication that two reproductively isolated groups coexist in the same population. Theoretically, speciation by sexual selection could occur sympatrically if the population size is sufficiently large (33) . The reported sexual isolation in D. melanogaster in Africa offers a rare opportunity for testing such hypotheses about the genetics of speciation.
